Ministry of Health, Labour and Welfare, Japan (Table  1) [3] . The diagnosis of SCS involves three essential features: (1) the presence of an adrenal mass, (2) the absence of characteristic features of CS, and (3) basal serum cortisol levels in the normal range with no suppression of serum cortisol (i.e., ≥3.0 µg/dL) after a lowdose (1 mg) dexamethasone suppression test (DST) performed overnight. The cortisol threshold level of ≥3 µg/ dL after a 1 mg DST was established based on the finding that among 30 patients with non-functioning adrenal adenoma, all of them had cortisol levels <3 µg/dL after a 1 mg DST [3] measured by a radioimmunoassay (RIA). In addition to fulfilling these criteria, at least one of the criteria listed in Table 1 (3.3 . to 3.7.) is required for the final diagnosis of SCS. These additional criteria include suppressed plasma ACTH levels in the early morning (<10 pg/mL) and/or a decreased ACTH response to corticotropin-releasing hormone (CRH) stimulation, unilateral uptake by adrenal scintigraphy, lack of diurnal changes in serum cortisol levels, serum dehydroepi-(CD), in 2008 [7] . They recommended that the lower threshold for the cortisol level after an overnight 1 mg DST should be lowered to <1.8 μg/dL (50 nmol/L) [7] , a level that increases the sensitivity to >95% [8] . Therefore, another method to overcome assay variation at low cortisol levels is to simply lower the cortisol threshold level to 1.8 µg/dL after a 1 mg DST. Although this change in threshold shows high sensitivity, it also decreases the specificity of the diagnosis. Therefore, to increase the specificity of the diagnosis, it will be necessary to use this criterion in combination with other criteria to accurately diagnose SCS. Accordingly, in the present study, we reevaluated the diagnosis of SCS in 119 patients with adrenal incidentaloma and sought to establish new diagnostic criteria for SCS based on a lower serum cortisol threshold (i.e., 1.8 µg/dL instead of 3 µg/dL) after a 1 mg DST in combination with other clinical parameters.
materials and methods

Subjects
The study consisted of 119 patients (69 women and 50 men) aged 24-78 years old (58.8 ± 11.9 years, mean ± SD) who were hospitalized at Fukuoka University Hospital or Kyushu University Hospital between April 2003 and August 2011 to undergo further examinations of incidentally detected adrenal masses and who were finally diagnosed with SCS or non-functioning adrenal androsterone sulfate (DHEA-S) level below the ageand sex-matched reference level, and transient adrenal insufficiency or atrophy of the residual normal adrenal after removal of the adrenal tumor.
The changes in cortisol assay methods over the last decade have prompted the question of whether the present threshold value (i.e., ≥3 µg/dL after an overnight 1 mg DST) is appropriate for initial screening of SCS. Enzyme immunoassays (EIA) are now more widely used than RIAs, which were the primary assay method used at the time the initial criteria were established. However, the sensitivities of these assay kits vary considerably [4] . The different sensitivity of assay kits for low serum cortisol levels, particularly in the range of 1-3 µg/dL sometimes results in false-positive or falsenegative diagnosis of SCS. Because cortisol levels ≥1 µg/dL after a high-dose, 8 mg, DST are required in the current diagnostic criteria for SCS, discrepancies in the results of DSTs, including suppression after a 1 mg DST but no suppression after a 8 mg DST have been reported [5] . One way to overcome this problem is to standardize cortisol levels among the many assay kits based on the determination of an absolute cortisol value measured by liquid chromatography/tandem mass spectrometry [6] . Although this process is currently underway in Japan, it may be some time before it is implemented in medical practice.
In 2008, the American Endocrine Society published their guidelines for CS, including Cushing's disease 4 Basal ACTH level <10 pg/mL or poor ACTH response to CRH. 5 DHEA-S level lower than the age-and sex-matched reference level. CS, Cushing's syndrome; DHEA-S, dehydroepiandrosterone sulfate; DST, dexamethasone suppression test; SCS, subclinical Cushing's syndrome; CRH, corticotropine-releasing hormone tension, IGT/DM, or hypercholesterolemia were also defined as having these diseases. In both institutions, serum cortisol and plasma ACTH levels were measured using an electrochemiluminescence immunoassay (ECLIA) (Elecsys 2010; Roche, Mannheim, Germany) [16, 17] . The detection limits for plasma ACTH and cortisol are 1 pg/mL and 0.018 μg/dL, respectively. The interassay coefficient variance of ACTH was 1.6-3.6 %. The intrassay coefficient variance of ACTH and cortisol was 0.5-4.2 % and <15 %, respectively.
Statistical analysis
In all analyses, values of p < 0.05 were considered statistically significant. The Mann-Whitney U test was used to compare age and body mass index (BMI) between subjects divided according to serum cortisol levels of <1.8 vs. ≥1.8 μg/dL after a 1 mg DST. The Fisher's analysis was used to compare the prevalence of hypertension, IGT/DM, and hypercholesterolemia between these two groups. Univariate and multivariate analysis using multiple regression analysis were used to identify factors associated with serum cortisol levels after a 1 mg DST. The univariate and multivariate analysis revealed that the gender difference and IGT/ DM were the only factors to be independently associated with the cortisol value after a 1 mg DST. The cutoff value for IGT and DM was determined by stepwise discriminant analysis. The sensitivity, specificity, and accuracy of the criteria used to detect IGT/DM were also calculated using discriminant analysis. All statistical evaluations were done according to the suggestions of a specialist of statistics.
results
Distribution of patients according to disease status and serum cortisol levels
The distribution of patients according to cortisol levels after a 1 mg DST (i.e., 0 ~ <1.0, ≥1.0 ~ <1.8, ≥1.8 ~ <3.0, ≥3.0 ~ 4.0, ≥4.0 ~ 5.0, and ≥5 µg/dL are shown in Fig. 1A -E. Very few patients in each category of serum cortisol had serum DHEA-S levels below the normal range. Only 27.0% (n=7/26) of patients with serum cortisol ≥1.8 µg/dL had low DHEA-S levels. These results suggest that DHEA-S has limited diagnostic relevance, even at a cortisol level of ≥1.8 µg/dL after a 1 mg DST (Fig. 1A) .
When we used UFC ≥70 μg/day as a candidate criterion, a relatively high proportion (61.5%) of patients adenoma. All of the incidentalomas were discovered by abdominal ultrasonography, computed tomography, or magnetic resonance imaging performed to evaluate another unrelated disease. Patients with pheochromocytoma and primary aldosteronism were excluded from the study because their urine catecholamine levels, metabolite levels, and plasma aldosterone concentration/plasma renin activity ratio were normal. In borderline patients, primary aldosteronism was ruled out after a furosemide-upright test, captopril test, and ACTH test. All the patients lacked overt signs or symptoms of CS. Overall, 22/119 patients (18.5%) were diagnosed with SCS based on the Japanese criteria for SCS [3] . In this study, we reevaluated these 22 patients with SCS and the other patients with non-functioning adrenal adenoma using the new cortisol threshold of ≥1.8 µg/dL after an overnight 1 mg DST. The study protocol was approved by the Institutional Review Boards at Fukuoka University Hospital and Kyushu University Hospital.
Methods
We divided the subjects into six groups according to serum cortisol levels after an overnight 1 mg DST, as follows: 0 ~ <1.0, ≥1.0 ~ <1.8, ≥1.8 ~ <3.0, ≥3.0 ~ 4.0, ≥4.0 ~ 5.0 or ≥5 μg/dL. The patients were also divided into two groups based on serum cortisol levels of <1.8 μg/dL or ≥1.8 μg/dL after a 1 mg DST. Additional criteria included: (i) serum DHEA-S level below the ageand sex-matched reference level [9] ; (ii) 24-h urinary free cortisol (UFC) level ≥70 μg/day [10] ; (iii) basal ACTH level <10.0 pg/mL [3, 11] ; (iv) serum cortisol level ≥5.0 μg/dL at 21:00 to 23:00 h [3, 12] ; and (v) fulfillment of both iii and iv. To determine whether these criteria were associated with the unfavorable clinical conditions caused by hypercortisolemia, we examined the prevalence of hypertension, glucose intolerance (impaired glucose tolerance [IGT] or DM), and hypercholesterolemia, in patients who fulfilled criteria iii to v. Hypertension was defined as systolic pressure ≥140 mmHg and/or diastolic pressure ≥90 mmHg according to the guidelines of the Japan Society of Hypertension 2004 [13] . Glucose intolerance (IGT or DM) was defined as findings of 75g glucose tolerance test or fasting plasma glucose levels ≥110 mg/dL or occasional plasma glucose levels ≥200 mg/dL according to the World Health Organization 1999 criteria [14] . Hypercholesterolemia was defined as serum LDL-C levels ≥140 mg/dL, as calculated using Friedewald's formula [15] . Patients treated with medications for hyper- els <1.8 µg/dL after 1 mg DST fulfilled both criteria, indicating that this combination rules out subjects with normal cortisol autonomy. Taken together, these results indicate that two criteria, namely basal ACTH level <10.0 pg/mL and serum cortisol level ≥5.0 µg/dL at 21:00 to 23:00 h, are useful markers that increase the specificity of the diagnosis of SCS, when used either alone or in combination. Therefore, we considered these in our proposed diagnostic criteria for SCS.
Prevalence of hypertension, IGT/DM, and hypercholesterolemia
To examine the clinical significance of the two criteria established above, we examined the associations between these criteria and other clinical disorders (Table 2 ). In our initial comparison according to serum cortisol levels after a 1 mg DST, we found no differences in age, BMI, or the prevalence rates of hypertension, IGT/DM, and hypercholesterolemia between patients with serum cortisol levels of <1.8 µg/dL vs. ≥1.8 µg/dL. However, among patients with basal ACTH levels of <10.0 pg/ mL, the prevalence of IGT/DM was significantly higher in patients with serum cortisol ≥1.8 µg/dL compared with patients with serum cortisol <1.8 µg/dL (66.8% vs. 41.8%). The prevalence of IGT/DM was also significantly higher in patients with serum cortisol ≥1.8 µg/ dL who meet both basal ACTH levels of <10.0 pg/mL and serum level of cortisol at 21:00 to 23:00 h ≥5 µg/dL compared with patients with serum cortisol <1.8 µg/dL (77.8% vs. 41.8%). Taken together, IGT/DM seems to be the most sensitive clinical manifestation associated with subtle cortisol overproduction in patients with SCS.
with cortisol levels ≥ 5 µg/dL (8/13) fulfilled this criterion. Although UFC was ≥70 µg/day in 45.4% (n=15/33) of patients with serum cortisol ≥1.8 µg/dL, UFC did not seem to be associated with autonomic cortisol secretion, instead reflecting nonspecific individual variation (Fig. 1B) .
None of the patients with serum cortisol levels of 0 ~ <1.0 µg/mL but 11/12 subjects with serum cortisol ≥5.0 μg/dL had basal ACTH levels <10.0 pg/mL. Overall, 63.9% (n=23/36) and 73.9% (n=17/23) of patients with serum cortisol levels of ≥1.8 µg/dL and ≥3.0 µg/ dL, respectively, met this criterion. Therefore, ACTH <10.0 pg/mL seems to be a relatively strong marker for autonomic cortisol secretion. However, it is important to note that in patients with borderline cortisol levels, 4/19 patients with cortisol levels of ≥1.0 ~ <1.8 µg/dL met this criterion whereas 7/13 patients with cortisol levels of ≥1.8 ~ <3.0 did not (Fig. 1C) . These results indicate that a basal ACTH level of <10.0 pg/mL is a poor diagnostic factor for SCS among patients with a serum cortisol level of <5 µg/dL after a 1 mg DST. When we included serum cortisol level ≥5.0 µg/dL at 21:00 to 23:00 h as a possible diagnostic parameter, all of the subjects with serum cortisol levels ≥5.0 μg/dL after a 1 mg DST met this criterion. Overall, 69.4% (n=25/36) and 87.5% (n=21/24) of patients with serum cortisol levels of ≥1.8 µg/dL and ≥3.0 µg/dL met this criterion, respectively, indicating that it is a strong marker for autonomic cortisol secretion (Fig. 1D) .
Finally, we assessed the diagnostic potential of combining criteria, namely simultaneous satisfaction of both basal ACTH level <10.0 pg/mL and serum cortisol ≥5.0 μg/dL at 21:00 to 23:00 h). In this analysis (Fig. 1E) , none of the patients with serum cortisol lev- * * a 1 mg DST. Furthermore, the cut-off value for the serum cortisol level after a 1 mg DST to determine the presence of IGT/DM was 1.83 µg/dL based on discriminant analysis (Table 5) , which is very similar to the proposed cut-off value of 1.8 µg/dL.
Proposed diagnostic criteria for SCS statistically discriminates IGT/DM with good accuracy
The sensitivity, specificity, and accuracy of each criterion and the combined criteria for the detection of IGT/DM were calculated using discriminant analysis (Table 6 ). These results indicate that the combination criteria of serum cortisol level ≥1.8 µg/dL after a 1 mg DST, ACTH<10 pg/mL and serum cortisol level ≥5.0 µg/dL at 21:00 to 23:00 h show high sensitivity, high specificity and high accuracy with significance for the detection of IGT/DM.
The serum cortisol level after a 1 mg DST is associated with IGT/DM
We performed univariate and multivariate analysis using multiple regression analysis to identify clinical parameters that are associated with the serum cortisol level after a 1 mg DST (Tables 3 and 4 ). Both analyses revealed that the serum cortisol level after a 1 mg DST was significantly associated with sex and the presence of IGT/DM. The R 2 value for the multiple regression model in multivariate analysis was 0.41, which indicates a very good statistical model. The gender difference indicates that the mean value of serum cortisol level after 1mg DST was greater in women than men (2.82±3.61 vs. 1.20±1.39, mean ± S.D.). A strong association between the serum cortisol level after a 1 mg DST and IGT/DM (p = 0.0035) by multivariate analysis (Table 4) suggests that IGT/DM is an independent strong factor related with the serum cortisol level after If only one of the three additional criteria are met, the consulting physician should consider other factors commonly used for the diagnosis of SCS, including serum DHEA-S levels, urine free cortisol, adrenal scintigraphy, and clinical manifestations. After all, two cases previously judged as having non-functioning tumor by the conventional criteria were newly diagnosed as having SCS by the proposed criteria. On the other hand, among 22 cases previously judged as having SCS by the conventional criteria, 4 cases were changed to the diagnosis of suspected SCS by the proposed criteria. By using the proposed criteria, 20/119 patients with adrenal incidentalomas were diagnosed with definite SCS. discussion SCS occurs in 5-30% of patients with an adrenal incidentaloma [18, 19] and in 0.2-2% of the general adult population [20] . A recent nationwide survey conducted in Japan between 2003 and 2007 revealed an incidence of 1829 patients with SCS over 5 years [21] , whereas a survey done almost 10 years earlier (1992) (1993) (1994) (1995) (1996) revealed an incidence of only 290 patients/5 years [22] . Clearly, clinicians in Japan are becoming more aware of SCS as a disease. This increasing awareness can be attributed to the Japanese guidelines for SCS published in 1995. This is clinically important because SCS is associated with cardiovascular risk factors, including MetS, IGT, DM, hypertension, and hyperlipidemia. (Fig. 2) Because none of the patients with serum cortisol levels of <1.8 µg/dL after a 1 mg DST had basal ACTH levels of <10.0 pg/mL and serum cortisol levels ≥5.0 µg/dL at 21:00 to 23:00 h, we were able to incorporate these three criteria into a diagnostic algorithm, as well as poor responses to CRH stimulation. However, it must be noted that two patients with a basal ACTH level ≥10 pg/mL showed a poor plasma ACTH response, with an increase in ACTH of <2-fold. Their basal ACTH levels were 21.3 pg/mL and 17.8 pg/mL, and reached peak values of 28.2 pg/mL (1.32 fold) and 28.6 pg/mL (1.61 fold), respectively, after CRH stimulation. In these patients, the cortisol level after a 1 mg DST were 15.8 µg/dL and 4.2 µg/dL, respectively while the basal cortisol levels at 21:00 to 23:00 h were 16.5 µg/dL and 8.1 µg/dL, respectively, supporting the diagnosis of SCS. Clearly, the findings in these patients suggest that basal ACTH levels alone are not necessarily sufficient to evaluate ACTH suppression. Consequently, we suggest that a poor ACTH response to CRH stimulation should be included as one of the diagnostic criteria for SCS.
Proposed diagnostic algorithm for SCS
In our algorithm, patients with cortisol levels ≥1.8 µg/dL after a 1 mg DST should also have a basal ACTH level <10 pg/mL and/or cortisol level ≥5 µg/dL at 21:00 to 23:00 h to fulfill the diagnostic criteria for SCS. If both of these additional criteria are met, SCS is very likely. In cases with normal ACTH level, no or little ACTH response to CRH should be carefully examined. In our algorithm, patients with serum cortisol levels ≥1.8 µg/dL after a 1 mg DST should also have a basal ACTH level <10 pg/mL and/or cortisol level ≥5 µg/dL at 21:00 to 23:00 h to fulfill the diagnostic criteria for SCS. If both of these additional criteria are met, SCS is very likely. In cases with normal ACTH levels, the absence or a poor ACTH response to CRH should be examined. If only one of the three additional criteria are met, the patient should be suspected of having SCS. The consulting physician should consider other factors that are commonly used for the diagnosis of SCS, including serum DHEA-S levels, urine free cortisol, adrenal scintigraphy, and clinical manifestations before reaching the final diagnosis.
cortisol level ≥5 µg/dL at 21:00 to 23:00 h (5.0, 6.9, 5.4 and 7.4 µg/dL), but basal ACTH was ≥10 pg/mL (32.0, 10.3, 23.1 and 42.0 pg/mL, respectively). As the CRH test was not performed in these four patients, we could not exclude the possibility of SCS. Therefore, these patients should be considered to have suspected SCS until further diagnostic tests can be performed. Clinically, the adrenal tumors in these four patients are unlikely to be functional because they did not have any metabolic abnormalities (i.e., IGT/DM), and only two had hypertension. In addition, the proposed threshold level is technically appropriate because a previous study showed limited reproducibility of serum cortisol levels in the range of 2-4 µg/dL with a range of assay kits [4] . Therefore, the cut-off value of 1.8 µg/dL after a 1 mg DST may be favorable in terms of globalization of the diagnostic criteria for SCS or subclinical hypercortisolemia (SH).
One limitation of our study is that CRH test was performed in just six patients, including four patients with SCS, out of 119 patients. Therefore, we could not evaluate the statistical or clinical relationship between cortisol levels after a 1 mg DST and the ACTH response to CRH in the present study. Of four patients diagnosed with SCS using the proposed algorithm, two had basal ACTH levels ≥10 pg/mL and their ACTH response to CRH was poor, providing strong support for the diagnosis of SCS, as described in the Results session. In another two patients with SCS, their ACTH levels were 5.2 and 6.6 pg/mL, and increased by >2-fold to peak values of 10.5 and 28.6 pg/mL, respectively, following CRH stimulation. A relatively good ACTH response to CRH stimulation, despite basal ACTH levels <10 pg/ mL, in patients with SCS was also reported by other researchers [26] . These findings suggest that, depending on the extent of autonomic cortisol production, SCS may progress from a stage associated with suppression of basal ACTH levels to a stage in which the ACTH response to CRH is suppressed.
To examine the clinical relevance of the proposed diagnostic criteria for SCS, we compared the prevalence of hypertension, IGT/DM, and hypercholesterolemia between groups of patients fulfilling each of the criteria. We confirmed that the prevalence of IGT/DM in patients meeting both of these criteria was significantly higher than that in the control group (77.8% vs. 41.8%), but the prevalence of hypertension and hypercholesterolemia was not. The results suggest that these two criteria could identify patients with other diseases Many parameters have been proposed to detect cortisol overproduction, but each parameter has some advantages and disadvantages. Briefly, while 24 h measurement of UFC is advantageous in that the value is not affected by corticosteroid binding globulin (CBG), the values show high interday variation [7, 23] . Measurement of salivary cortisol levels in the late evening or at midnight is very useful for the diagnosis of CS and is not affected by CBG. However, this parameter may show poor sensitivity for the diagnosis of SCS [23] [24] [25] . As shown in the present study, serum cortisol at late at night (21:00 to 23:00 h) is a particularly useful factor for the diagnosis of CS and SCS, but this must be measured in-hospital. An overnight 1 mg DST is the most commonly used test for the diagnosis of CS or SCS and may be performed either alone or in combination with other tests. A widely used threshold value for serum cortisol after an overnight 1 mg DST is <5 μg/dL (<140 nmol/L) [1, 7] . However, because of the low sensitivity and high specificity of this value, falsenegative results are obtained in some patients with CD or SCS. Consequently, some experts, including the American Endocrine Society [7, 8] , have recommended a lower cortisol threshold of <1.8 µg/dL (50 nmol/L) after an overnight 1 mg DST, as this level increases diagnostic sensitivity. Therefore, in the present study, we tried to establish new diagnostic criteria for SCS using serum cortisol levels of ≥1.8 µg/dL after a 1 mg DST, consistent with the American Endocrine Society guidelines [7] . Here, we showed that it is possible to diagnose SCS using this lower threshold in combination with other factors, including a basal ACTH level of <10 pg/mL, poor ACTH response to CRH stimulation, and cortisol level ≥5 µg/dL at 21:00 to 23:00 h.
Two patients included in this study with DM and hypertension who had been diagnosed with non-functioning adenomas using conventional diagnostic criteria was newly diagnosed with SCS when we applied our new criteria, as their serum cortisol level was 2.2 and 1.8 μg/dL after a 1 mg DST, their basal ACTH levels were 5.0 and 6.6 pg/mL, and their cortisol levels were 8.3 and 5.5 µg/dL at 21:00 to 23:00 h, respectively. Therefore, the lower cortisol threshold level of 1.8 μg/dL rather than 3.0 μg/dL after a 1 mg DST seems to be more appropriate for better identifying patients with SCS. On the other hand, 4 cases were changed to the diagnosis of suspected SCS by the proposed criteria. These four patients had serum cortisol ≥1.8 µg/ dL after a 1 mg DST (4.7, 10.7, 3.1 and 4.6 µg/dL) and SH before surgery, blood pressure improved after surgery [25, 30] . However, it is still not possible to determine whether this phenomenon is a natural change or reflects subtle autonomic cortisol secretion, even in nonfunctioning adenoma. Therefore pursuing the operative indications for adrenal incidentalomas may be an important target of research in future studies.
In conclusion, we reevaluated the current diagnostic criteria for SCS, and developed new criteria by first lowering the cortisol threshold from 3 µg/dL to 1.8 µg/ dL after a 1 mg DST. Based on our present results, we propose that serum cortisol ≥1.8 µg/dL after 1 mg DST together with basal ACTH level <10 pg/mL (or poor plasma ACTH response to CRH stimulation) and serum cortisol ≥ 5 µg/dL at 21:00 to 23:00 h are appropriate diagnostic criteria for SCS. However, for patients with serum cortisol ≥1.8 µg/dL and the presence of only one of the criteria, we recommend that other findings are considered, including serum DHEA-S level, urine free cortisol, adrenal scintigraphy, and clinical manifestations, before reaching a diagnosis of SCS. 
Conflicts of Interest
The authors declare no conflict of interest relevant to this manuscript. associated with hypercortisolism, and are useful and appropriate for diagnosing SCS. In earlier studies, the prevalence rates of DM, hypertension, and hypercholesterolemia in patients with SCS were 36-65%, 45-91.6%, and 50-71%, respectively [2, [27] [28] [29] . The different prevalence rates of these diseases among these studies might be because of the application of different diagnostic criteria for SCS. Nevertheless, we should consider that the markers for cortisol secretion were derived from cross-sectional studies and they may not reflect the longitudinal biological effects of cortisol over the duration of the disease. Unfortunately, it is not possible to precisely estimate the duration of the disease because of the lack of specific clinical manifestations. The sensitive and specific detection of IGT/ DM using the serum cortisol level after a 1 mg DST in our subjects was further supported by the results of univariate and multivariate analyses of several clinical parameters. Interestingly, the cut-off value for the serum cortisol level after a 1 mg DST for the detection of IGT/DM was coincidentally 1.83 µg/dL. The sensitivity, specificity, and accuracy of the proposed diagnostic criteria for the detection of IGT/DM were also statistically validated. More functional SCS may be possible to pick up by the proposed new criteria.
Few studies have examined the benefits of surgery in patients with SH. Nevertheless, most of the studies that have been performed agree that adrenalectomy normalizes the endocrine abnormalities associated with SH, and there is some evidence for the amelioration of metabolic disorders [2, [30] [31] [32] . Indeed, significant decreases in systolic blood pressure were consistently reported in these studies. To our surprise, even in patients without
